Objective Several studies have shown that arterial stiffness and ventricular dysfunction are increased in individuals with type 2 diabetes. Aortic stiffness (AS) reflects the mechanical tension and elasticity of the aorta, and increased aortic stiffness is a risk factor for cardiovascular disease. The aim of this study was to evaluate the degree of aortic stiffness and its relationship with the left ventricular (LV) function in patients with prediabetes and healthy control subjects. Methods The study groups were composed of 50 patients with prediabetes and 47 healthy adults with similar demographic characteristics. The LV systolic and diastolic functions were assessed using standard two dimensional (2D) echocardiography, M-mode echocardiography, pulsed-wave (PW) echocardiography and tissue Doppler echocardiography. The degree of aortic strain and distensibility were calculated based on the aortic diameters measured on M-mode echocardiography at a level 3 cm above the aortic valve and the blood pressure values obtained on sphygmomanometry. Results There were significant differences between the prediabetic and control groups in the degree of aortic strain (4.7±2.8% vs. 14.9±4.5%; respectively, p<0.001) and distensibility (2.0±1.5 vs. 6.8±2.3; 10 -3 cm 2 dyn -1 , respectively, p<0.001). In addition, significant differences were observed between the patient and control groups in the parameters of the LV systolic and diastolic functions. The left atrial diameter was significantly larger in the prediabetics than in the controls (35.9±3.9 vs. 33.7±4.2; respectively, p=0.027). Conclusion AS is increased in patients with prediabetes. In addition, there is a significant relationship between the degree of aortic stiffness and the LV function in this patient population. Therefore, the aortic elasticity parameters calculated on 2D echocardiography are useful for predicting early cardiovascular risks in prediabetics.
Introduction
Prediabetes is the state in which some, but not all, of the diagnostic criteria for diabetes are met. It is often described as the 'gray area' between a normal blood sugar level and a state of diabetes. Prediabetes is comprised of two subgroups: impaired fasting glucose (IFG) and impaired glucose tolerance (IGT). Prediabetes is diagnosed according to the American Diabetes Association (ADA) criteria (1) which we define in the methodology section. Prediabetes increases cardiovascular risks (2) . The mechanisms through which the risk of cardiovascular disease is increased are only partially understood. Decreased compliance of the central arterial system, termed arterial stiffness, results in an increased cardiac workload (3) . In particular, the presence of arterial stiffness in large arteries has been reported to be the best predictor of cardiovascular morbidity and mortality (4) . Aortic stiffness (AS) can be evaluated via echocardiography using relatively simple, noninvasive methods. Aortic distensibility (AD) and aortic strain (ASt) are elasticity indexes of the aorta and reflect the degree of AS (5, 6) . AS is an important marker of increased cardiovascular morbidity and mortality and can be evaluated using transthoracic echocardiography (TTE) (5, 7, 8) . AS affects both the cardiac systolic and diastolic function and has been used as a noninvasive method in recent years to clarify the subclinical phase of atherosclerosis.
The left ventricular (LV) mass increases in normotensive patients with diabetes, thereby inducing diastolic dysfunction (9, 10) . In addition, it is well known that diabetes increases aortic stiffness (11) . From this point of view, there is a possible relationship between the degree of aortic stiffness and LV diastolic dysfunction. In addition, it has been reported that aortic stiffness influences the LV structure and function, independent of the arterial blood pressure (12) . These previous studies evaluated the systolic function; however, they did not assess the relationship between aortic stiffness and the diastolic function. Therefore, we aimed to evaluate the association between the degree of aortic stiffness and the LV systolic and diastolic functions in patients with prediabetes and healthy control subjects. This is the first study in the literature to assess the relationship between AS and the LV function in prediabetic patients using echocardiography.
Materials and Methods

Study patients and protocol
A total of 50 patients with prediabetes and 47 healthy controls with similar ages treated between September 2011 and December 2012 were enrolled in this study. Prediabetes was diagnosed according to the fasting plasma glucose level and/or oral glucose tolerance test (OGTT) results confirmed by repeating the tests on another day and/or measuring the HbA1c level. Subjects with a fasting glucose level of 100 to 125 mg/dL have IFG. In patients with a normal or impaired fasting glucose level, OGTT was performed. OGTT measures the level of blood glucose after a person fasts for at least eight hours and two hours after the person drinks a beverage containing 75 grams of glucose dissolved in water. If the 2-hour blood glucose level is between 140 and 199 mg/dL, the individual is considered to have IGT. In addition, subjects with an HbA1c level between 5.7% and 6.4% are diagnosed with prediabetes. According to these criteria, 27 of the 50 prediabetic patients were diagnosed as having only IFG, 10 were diagnosed as having only IGT and 13 were diagnosed as having both IFG and IGT. As a control group, we studied 47 healthy subjects without overt cardiovascular disease and prediabetes who were screened for cardiovascular prevention at our outpatient clinic. In order to exclude individuals with a diagnosis of prediabetes in the control group, we measured the fasting blood glucose and HbA1c levels in all subjects. A fasting blood glucose level below 100 mg/dL and an HbA1c level below 5.7% were considered to be normal. In addition, subjects with overt cardiovascular disease were excluded based on the presence of normal echocardiographic findings, the absence of complaints related to peripheral or coronary artery disease and the lack of history of cerebrovascular disease. Furthermore, we confirmed that all study participants were not taking any antihypertensives, antidiabetics, lipid-lowering agents or any other drugs.
Patients with an age over 60 or under 18 years, structural heart disease, hypertension, diabetes mellitus, pulmonary disease and neoplastic or chronic systemic diseases were excluded from this study. All subjects were informed about the study protocol, and written informed consent was obtained from each volunteer. Approval for the study protocol was obtained from the local Ethics Board.
Echocardiographic examinations
The echocardiographic evaluations of the patients with prediabetes and the control group subjects were performed by a single, experienced cardiologist who was not informed of the clinical or laboratory findings of the patients. The echocardiographic examinations were carried out using a 2.5-to 3.5-MHz transducer with the Vingmed System 7 (Vivid 7, GE, Horten, Norway). M-mode echocardiography and a quantitative analysis were conducted using parasternal long axis images according to data provided by the American Society of Echocardiography (13) .
The LV systolic and diastolic functions were analyzed using standard two dimensional (2D) echocardiography, Mmode echocardiography, pulsed-wave (PW) echocardiography and tissue Doppler echocardiography (TDE). The left atrium (LA) diameter, interventricular septum (IVS) and posterior wall (PoW) thicknesses, LV end-diastolic diameter (LVEDD) and LV end-systolic diameter (LVESD) were obtained using the M-mode echocardiographic tracings under the guide of 2D imaging. The ejection fraction (EF) was calculated according to the biplane modified Simpson method. The mitral inflow early diastolic wave (E), late diastolic wave (A), E/A ratio, deceleration time (DT), isovolumetric contraction time (IVCT), ejection time (ET) and isovolumetric relaxation time (IVRT) were measured on PW echocardiography, and the myocardial performance index was calculated by dividing the sum of IVRT and IVCT by ET. The myocardial systolic wave (S'), early diastolic myocardial wave (E'), late diastolic myocardial wave (A'), E'/A' ratio, myocardial isovolumetric contraction time (IVCTm), myocardial ejection time (ETm), IVCTm/ETm ratio and myocardial isovolumetric relaxation time (IVRTm) were measured on color TDE conducted on respectively lateral parts of the mitral annulus. The myocardial performance index (MPI) was calculated by dividing the sum of IVCTm and IVRTm by the ETm value. The E/E' ratio was measured by dividing the mitral inflow early diastolic wave (E) by the early diastolic myocardial wave (E').
The diameter of the ascending aorta was measured from the same view on the M-mode tracing at a level 3 cm above the aortic valve. The systolic aortic diameter (AoSD) was measured at the maximal anterior motion of the aorta, whereas the diastolic aortic diameter (AoDD) was measured at the peak of the QRS complex on the simultaneously recorded electrocardiogram.
The systolic blood pressure (SBP) and diastolic blood pressure (DBP) values were measured on both arms using an external sphygmomanometer, and the higher value was recorded. The pulse pressure (PP) was calculated as SBP minus DBP. The degree of aortic strain (%) was calculated as AoSD-AoDD/AoDD, and aortic distensibility (10 -6 cm 2 dyn -1 ) was calculated as (2× aortic strain)/PP.
Statistical analysis
The data analysis was performed using the SPSS 17 software package. The normality of the distribution of continuous variables was analyzed using the Shapiro-Wilk test. Descriptive statistics are expressed as the mean±standard deviation or median (minimum-maximum) for continuous variables and as the number of observations and percentages (%) for categorical variables. The significance of the differences in the measurements obtained for the control and patient groups was analyzed using Student's t-test or the Mann-Whitney U test. We used ANOVA and a post hoc analysis for multiple comparisons between the control group, IFG only group, IGT group and IFG+IGT group. The Pearson Chi Square test was used to compare categorical variables. Pearson's analysis was used to calculate the correlation coefficient. A p value of <0.05 was accepted as being statistically significant.
Results
The baseline characteristic features of the two groups are shown in Table 1 . There were no statistically significant differences between the two groups with respect to age, gender, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate or the LDL-C and HDL-C levels. However, the total cholesterol levels were significantly higher in the prediabetics than in the controls (213.1±47 mg/dL vs. 188.2±37.2 mg/dL, respectively, p= 0.005). Moreover, the plasma triglyceride (TG) concentrations were significantly higher in the prediabetic group than in the control group (163.0±93.2 mg/dL vs. 126.9±70.7 mg/ dL; respectively, p=0.035). No statistically significant differences were detected between the patient and control groups in terms the IVS, PoW, LVEDD, LVESD or EF, although the LA diameter was significantly larger in the patient group than in the control group (35.9±3.9 cm vs. 33.7±4.2 cm; respectively, p=0.027) ( Table 1 ). The PW echocardiographic measurements in the study groups demonstrated that the IVRT and DT values were significantly longer and the E waves were significantly lower in the patients with prediabetes; however, there were no statistically significant differences in the other parameters (Table 2) . A subgroup analysis of these parameters showed the same results in the IFG only, IGT only and IFG plus IGT groups and the controls (Table 2) . Furthermore, it was found that the S', E' and E'/ A' values were significantly lower, while the IVRTm and MPI values were significantly higher, in the patients with prediabetes than in the control group. In addition to these findings, the E/E' ratio, a well-validated parameter of the diastolic function was detected to be significantly higher in the patients with prediabetes than in the controls (Table 3) . Although mostly similar findings were observed in the subgroup analysis of the IFG only, IGT only and IFG plus IGT groups with regard to the PW TDE measurements of the lateral wall, the rise in the E/E' ratio was not statistically significant (0.093) in the IGT only group, and the S' values were insignificantly higher (0.095) in the IFG plus IGT group than in the control group (Table 3) .
The aortic elastic parameters are shown in Table 4 . The degree of aortic strain (4.7±2.8 vs. 14.9±4.5; respectively, p <0.001) and aortic distensibility (2.0±1.5 vs. 6.8±2.3; respectively, p<0.001) were found to be significantly lower in the prediabetic groups than in the control group. Meanwhile, the AoDD (29.7±3.2 vs. 26.6±2.6; respectively, p<0.001) values were significantly higher in the prediabetic group, although there were no significant differences with respect to the AoSD values between the groups (p=0.407). However, a subgroup analysis of the aortic elasticity parameters between the IFG only, IGT only and IFG plus IGT groups and the controls (Table 4) showed that the AoSD values were significantly higher among the patients with both IFG and IGT than those observed among the controls (p=0.008). The correlations between the echocardiographic measurements on LV tissue Doppler and the aortic elasticity parameters are Table 5A and 5B. There were positive correlations between ASt and Em (r=0.53, p<0.001) and Em/Am (r= 0.45, p<0.001) and negative correlations between ASt and IVRTm (r= -0.59, p<0.001), E/E' (r=-0.25, p=0.011) and MPI (r= -0.64, p<0.001). In addition, there were positive correlations between AD and S' (r=0.20, p=0.044), E' (r= 0.51, p<0.001) and E'/A' (r=0.42, p<0.001) and negative correlations between AD and IVRTm (r=-0.55, p<0.001), E/ E' (r=-0.24, p=0.017) and MPI (r=-0.55, p<0.001). The subgroup analysis showed similar findings between the IFG only, IGT only and IFG plus IGT groups with respect to the ASt and LV TDE parameters, with the exception of insignificant correlations between ASt, Em/Am and E/E' in the IGT only group (Table 5A ). In addition, there were no sig-nificant correlations between AD and S' in any of the subgroups. Furthermore, E/E' and Em/Am, both of which are important parameters of LV diastolic dysfunction were found to be exclusively significantly correlated with AD in the IFG only group, but not the IGT and IFG plus IGT groups (Table 5B ).
Discussion
A number of studies have demonstrated LV diastolic dysfunction to represent the first manifestation of myocardial involvement in patients with diabetes. Such dysfunction represents the earliest pre-clinical manifestation of diabetic cardiomyopathy, preceding systolic dysfunction (14, 15) . Furthermore, LV diastolic dysfunction can precede the development of diabetes (16) , suggesting that it is not exclusively a complication of diabetes, but rather a coexisting condition. The development of diabetic myocardial dysfunction is likely multifactorial, with putative mechanisms, including metabolic disturbances, changes in extracellular matrix components, small vessel disease, autonomic dysfunction and IR. Due to the cardiometabolic repercussions of hyperglycemia, conducting detailed evaluations of cardiovascular changes is recommended in prediabetic and diabetic patients. Therefore, we speculate that early intervention is necessary. To our knowledge, the state of myocardial performance in patients with prediabetes has received little attention.
There has been much recent interest in the relationship between AS and cardiovascular disease. The pulse pressure, pulse wave velocity and echocardiographic surrogate measurements of arterial stiffness increase with age and in certain disease states, indicating that they themselves are associated with increased cardiovascular risks, including that of hypertension, diabetes mellitus, hyperlipidemia, obesity and end-stage renal failure (17) (18) (19) (20) . However, the state of arterial elasticity in subjects with prediabetes has also received little attention. We therefore studied prediabetic normotensive adults in whom the prevalence of insulin resistance and IGT is high.
Our results are consistent with those of a recently published study in patients without overt type 2 diabetes (21) . In this study, diastolic changes were also found to be associated with an unaltered geometric pattern and insignificantly depressed systolic function in the prediabetic group. These findings indicate that these functional changes are independent and precede both systolic and structural changes. Our observations are consistent with those of prior studies in the fields of obesity (22) , metabolic syndrome (23) and diabetes (24) .
Hyperglycemia has been shown to result in the formation of advanced glycosylation end products (AGEs). Therefore, it has been suggested that individuals with prediabetes may have a decreased ventricular function due to prolonged exposure to elevated glucose levels (25, 26) .
We should point out that the levels of total lipids exhibited an insignificant correlation with the ventricular dysfunction and aortic stiffness parameters in this study. When the components of lipids were considered separately, ventricular dysfunction demonstrated a direct association with triglycerides only. These results are consistent with those of Lisa et al. who reported that triglycerides are independently associated with the E/A ratio (27) .
In the present study, although statistically insignificant, the systolic and diastolic blood pressure levels were slightly higher in the prediabetic group. It is well known that AS is strongly related to the mean arterial pressure. Furthermore, increased AS has been hypothesized to be the common underlying factor leading to the development of hypertension (28) . Therefore, we cannot extrapolate whether the higher blood pressure levels recorded in the patient groups resulted in AS or vice versa.
In the present study, we assessed both the systolic and diastolic functions of the left ventricle using pulsed and color TDE in addition to conventional echocardiographic methods. In addition, we used MPI, calculated using data obtained from PW Doppler and TDE, to assess the LV systolic and diastolic functions. These new techniques are less affected by the limiting variables of conventional methods, such as preload, afterload, heart rate, ventricular geometry and blood pressure (29, 30) .
The clinical conditions causing an increase in AS include CAD, DM, HT and thyroid dysfunction (3). Increases in arterial stiffness give rise to systolic HT, LV hypertrophy and impairment of coronary perfusion, resulting in increased cardiovascular risks. Increased AS is an independent risk factor for cardiovascular disease and mortality (3). Apart from simple parameters, such as the pulse pressure, many methods that are unpractical and require the use of expensive equipment are employed to evaluate AS (31) . Meanwhile, pulsatile alterations in the aortic diameter, strain and distensibility can be evaluated using TTE (32) .
There are currently no studies in the literature evaluating the association between AS and the LV function in patients with prediabetes using echocardiography. In our study, aortic elasticity, as well as LV systolic and diastolic parameters, were clearly disturbed in the prediabetics compared to control subjects. In addition, the subgroup analysis of the prediabetic groups, namely the IFG only, IGT only and IFG plus IGT groups, showed nearly, but not completely, the same results as those observed in the prediabetic group. Despite the absence of major differences between the parameters of aortic elasticity and the LV function in the subgroup analysis, some minor differences may result from the small number of patients enrolled in this study. The presence of LV diastolic dysfunction as well as dysfunction in aortic elasticity parameters noted in the patients with prediabetes compared with that observed in the control group presumably results from the general course of disease encompassing whole vessels. Under such conditions, there is an expected association between dysfunction in aortic elasticity parameters and LV dysfunction, and factors involved in the pathogenesis of one condition also play a role in the patho-genesis of the other condition. One possible explanation for these results is ventriculoarterial coupling. Ventriculoarterial coupling, defined as the ratio of effective arterial elastance to LV end-systolic elastance, reflects the mechanoenergetic performance of the heart. The cardiovascular system can be thought of as a continuous system consisting of a reservoir, pump and vessels. Therefore, an abnormality in one component affects the other compartments. Based on this concept, coupling of the left ventricle and arteries may play an important role in the development of heart failure. Increased arterial stiffness causes premature return of reflected pulse waves with respect to the late systolic blood pressure and pulse pressure (33) . This phenomenon subsequently induces increased myocardial oxygen demand, LV hypertrophy, increased wall stress and myocardial ischemia, which may cause or aggravate an abnormal LV diastolic function.
In this study, we excluded subjects with HT, DM, cardiac and pulmonary problems and chronic systemic diseases in order to avoid the negative effects of these variables on the myocardium. In addition, the number of smoking subjects was similar between the groups. We also analyzed subjects under 60 years of age, and the subgroup analysis revealed the same findings. Furthermore, the correlation between the LV diastolic function parameters and the aortic elasticity parameters suggests the role of aortic stiffness in the development of myocardial dysfunction in patients with prediabetes.
Study limitations
One limitation of this study is that we did not perform any invasive procedures to assess aortic elasticity or pulse pressure. Although invasive methods remain the gold standard, several reports have demonstrated that M-mode echocardiography is a reliable alternative to such techniques. Indeed, the noninvasively calculated aortic elasticity exhibits excellent correlations with indices derived from invasive methods (34, 35) .
Conclusion
In this study, we demonstrated that prediabetic subjects have an impaired LV diastolic function, which represent a major pattern of CVD. None of the studied prediabetic adults had a history of cardiac complications. There is a significant relationship between increased AS and the LV diastolic and systolic functions in patients with prediabetes, and aortic elasticity parameters measured using noninvasive echocardiography are useful for predicting early cardiovascular risks in prediabetics. However, further studies are needed to confirm a causal relationship.
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